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1
METHOD OF UPLINK CONTROL
INFORMATION TRANSMISSION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/522,255, filed on Aug. 11, 2011 and
entitled “Methods and System of Uplink Control Information
Feedbacks for Carrier Aggregation”, the contents of which
are incorporated herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method used in a wireless
communication system and related communication device,
and more particularly, to a method of uplink control informa-
tion transmission in a wireless communication system.

2. Description of the Prior Art

A long term evolution-advanced (LTE-A) system, as its
name implies, is an evolution of the LTE system. The LTE-A
system targets faster switching between power states,
improves performance at the coverage edge of the eNB, and
includes subjects, such as bandwidth extension, coordinated
multipoint transmission/reception (CoMP), UL multiple-in-
put multiple-output (MIMO), etc.

For bandwidth extension, a carrier aggregation (CA) is
introduced to the LTE-A system by which two or more com-
ponent carriers are aggregated to achieve a wider-band trans-
mission. Accordingly, the LTE-A system can support a wider
bandwidth up to 100 MHz by aggregating a maximum num-
ber of 5 component carriers, where bandwidth of each com-
ponent carrier is 20 MHz and is backward compatible with
3GPP Rel-8. An LTE-A specification supports CA for both
continuous and non-continuous component carriers with
each component carrier limited to a maximum of 110
resource blocks. The CA increases a bandwidth flexibility by
aggregating the non-continuous component carriers. In addi-
tion, in carrier aggregation, the UE only has one RRC con-
nection with the network. At RRC connection establishment/
re-establishment/handover, one serving cell provides the
NAS mobility information, and at RRC connection re-estab-
lishment/handover, one serving cell provides the security
input. This cell is referred to as a primary cell (PCell). In the
downlink, the component carrier corresponding to the PCell
is the downlink primary component carrier (DL PCC) while
in the uplink it is the uplink primary component carrier (UL
PCC). In addition, cells other than the PCell are named sec-
ondary cell (SCell).

Further, for Rel-11, carrier aggregation is supported by
both formats of LTE-A system, namely the Frequency Divi-
sion Duplex (FDD) and Time Division Duplex (TDD) vari-
ants. The aggregated component carriers operated on TDD
system may have different UL-DL configurations. The sup-
ported UL-DL configurations are listed in FIG. 1. As can be
seen, 7 UL-DL configurations are supported in LTE TDD
systems. In FIG. 1, the UL-DL configuration #0 implies that
subframes ‘0’ and ‘5’ are DL subframes, subframes ‘1’and ‘6’
are special subframes, and subframes ‘2°, ‘3, ‘4*,“7°, 8,9’
are UL subframes.

Uplink control information includes an acknowledgement/
negative acknowledgement (ACK/NACK) feedback, a chan-
nel quality indicator (CQI) report, a precoding matrix indica-
tor (PMI) report, a rank indicator (RI) report, a precoding type
indicator (PTI), channel state information (CSI), and sched-
uling request (SR), etc. In LTE system, a UE transmits the
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uplink control information to the eNB on a physical uplink
control channel (PUCCH). However, the applicant notices a
problem associated to the uplink control information trans-
mission. In Rel-10, UE is configured with more than one
serving cell (i.e. one PCell and one or more SCells), but
PUCCH is transmitted only on the PCell. On the other hand,
in Rel-11, each serving cell may have different UL-DL con-
figurations. Hence, the conflicting situation may happen
when PCell is downlink and one of the SCell is uplink on the
same subframe. In detail, please refer to FIG. 2, which is a
schematic diagram of uplink control information transmis-
sion on cells with different UL-DL configurations. In FIG. 2,
a UE is configured with a Cell 1 as PCell and a Cell 2 as SCell.
In addition, the Cell 1 is configured with UL-DL configura-
tion #1 and the Cell 3 is configured with UL-DL configuration
#0 as shown in FIG. 1. The UE receives PDSCH transmis-
sions in DL subframe ‘0” on Cell 1 and in DL subframe ‘0’ on
Cell 3. In this situation, the UE shall reply ACK/NACK in
subframe ‘4’ for the PDSCH transmission in DL subframe ‘0’
on SCell. Conventionally, the UE transmits PUCCH only on
the PCell (namely Cell 1). However, as shown in FIG. 2, the
subframe ‘4’ on Cell 1 is a DL subframe. Thus, no PUCCH
resource in subframe ‘4’ on PCell is for the UE to feedback
ACK/NACK. In this situation, the UE cannot transmit
PUCCH for the UCI (e.g. ACK/NACK, CQI, PMI, RI and/or
CSI) on the PCell. Without clear specification, the UE does
not know how to deal with this situation.

SUMMARY OF THE INVENTION

The disclosure therefore provides a method of uplink con-
trol information transmission to solve the abovementioned
problems.

A method of uplink control information transmission for a
mobile device with carrier aggregation in a wireless commu-
nication system is disclosed. The method comprises being
configured a plurality of cells including a primary cell and at
least a secondary cell by a network of the wireless commu-
nication system, determining to transmit the uplink control
information in a transmission time interval, and when the
primary cell has no uplink resource for the uplink control
information transmission, transmitting the uplink control
information on at least a secondary cell having uplink
resources in the TTI.

A method of uplink control information transmission for a
mobile device with carrier aggregation in a wireless commu-
nication system is disclosed. The method comprises being
configured a plurality of cells including a primary cell and at
least a secondary cell by a network of the wireless commu-
nication system, determining to transmit the uplink control
information in a subframe on the primary cell in a transmis-
sion time interval, and when the subframe on the primary cell
for the uplink control information transmission is a downlink
subframe, transmitting the uplink control information in an
uplink subframe after the subframe on the primary cell in the
TTL

A method of uplink control information transmission for a
mobile device with carrier aggregation in a wireless commu-
nication system is disclosed. The method comprises being
configured a plurality of cells including a primary cell and at
least a secondary cell by a network of the wireless commu-
nication system, determining to transmit the uplink control
information in a subframe on the primary cell in a transmis-
sion time interval, and when the subframe on the primary cell
for the uplink control information transmission is a downlink
subframe, dropping the uplink control information transmis-
sion.
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A method of uplink control information transmission for a
mobile device with carrier aggregation in a wireless commu-
nication system is disclosed. The method comprises being
configured a plurality of cells including a primary cell and at
least a secondary cell by a network of the wireless commu-
nication system, receiving a downlink signalling on a cell of
the plurality of cells, determining to transmit the uplink con-
trol information in a subframe on the primary cell in a trans-
mission time interval, and when the subframe on the primary
cell for the uplink control information transmission is a down-
link subframe, determining whether to drop the uplink control
information according to an uplink grant information in the
downlink signalling.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of UL-DL configurations
according to the prior art.

FIG. 2 is a schematic diagram of uplink control informa-
tion transmission on cells with different UL-DL configura-
tions according to the prior art.

FIG. 3 is a schematic diagram of an exemplary wireless
communication system according to the present disclosure.

FIG. 4 is a schematic diagram of an exemplary communi-
cation device according to the present disclosure.

FIG. 5 is a schematic diagram of communication protocol
layers for an exemplary wireless communication system.

FIG. 6 is a flowchart of an exemplary process according to
the present disclosure.

FIGS. 7-17 are schematic diagrams of uplink control infor-
mation transmission according to different embodiments.

FIG. 18 is a schematic diagram of cells without frame
timing synchronization.

FIG. 19 is a schematic diagram of cells with FDD system
and TDD system.

FIG. 201s a flowchart of an exemplary process according to
the present disclosure.

FIG. 21 is a schematic diagram of an uplink control infor-
mation transmission timing on a primary cell according to the
present disclosure.

FIG. 22 is a schematic diagram of an uplink control infor-
mation transmission on the SCell with uplink grant.

FIG. 23 is a schematic diagram of an uplink control infor-
mation transmission timing on a primary cell according to the
present disclosure.

FIG. 24 is a flowchart of an exemplary process according to
the present disclosure.

FIG. 25 is a schematic diagram of a UE dropping an uplink
control information transmission according to the present
invention.

FIG. 26 is a flowchart of an exemplary process according to
the present disclosure.

FIG. 27 is a schematic diagram of an uplink control infor-
mation transmission with uplink grant assigned in the down-
link signalling.

DETAILED DESCRIPTION

Please refer to FIG. 3, which is a schematic diagram of a
wireless communication system 10 according to an example
of the present disclosure. The wireless communication sys-
tem 10, such as a long term evolution-advanced (LTE-A)
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system or other mobile communication systems supporting a
carrier aggregation (CA), is briefly composed of a network
and a plurality of user equipments (UEs). In FIG. 3, the
network and the UEs are simply utilized for illustrating the
structure of the wireless communication system 10. Practi-
cally, the network can be referred as to an E-UTRAN
(evolved-UTAN) comprising a plurality of evolved Node-Bs
(eNBs) and relays in the LTE-A system. The UEs can be
mobile devices such as mobile phones, laptops, tablet com-
puters, electronic books, and portable computer systems, a
camera, a television, a hand-held video game device, a musi-
cal device, a wireless sensor, etc. In some applications, a UE
may be a fixed computing device operating in a mobile envi-
ronment, such as a bus, a train, an airplane, a boat, a car, etc.
Besides, the network and the UE can be seen as a transmitter
or receiver according to transmission direction, e.g., for an
uplink (UL), the UE is the transmitter and the network is the
receiver, and for a downlink (DL), the network is the trans-
mitter and the UE is the receiver.

Please refer to FIG. 4, which is a schematic diagram of a
communication device 20 according to an example of the
present disclosure. The communication device 20 can be the
UE or the network shown in FIG. 3, but is not limited herein.
The communication device 20 may include a processor 200
such as a microprocessor or Application Specific Integrated
Circuit (ASIC), a storage unit 210 and a communication
interfacing unit 220. The storage unit 210 may be any data
storage device that can store a program code 214, accessed by
the processor 200. Examples of the storage unit 210 include
but are not limited to a subscriber identity module (SIM),
read-only memory (ROM), flash memory, random-access
memory (RAM), CD-ROM/DVD-ROM, magnetic tape, hard
disk, and optical data storage device. The communication
interfacing unit 220 is preferably a radio transceiver and can
exchange wireless signals with the network according to pro-
cessing results of the processor 200.

Please refer to FIG. 5, which illustrates a schematic dia-
gram of communication protocol layers for the LTE-Ad-
vanced system. The behaviors of some of the protocol layers
may be defined in the program code 214 and executed by the
processing means 200. The protocol layers from top to bot-
tom are a radio resource control (RRC) layer 300, a packet
data convergence protocol (PDCP) layer 310, a radio link
control (RLC) layer 320, a medium access control (MAC)
layer 330 and a physical (PHY) layer 340. The PHY layer 340
is used to provide physical channels, e.g. a physical uplink
control channel (PUCCH) and a physical uplink shared chan-
nel (PUSCH), such that uplink control information and data
can be transmitted to the network. The uplink control infor-
mation may be acknowledgement/negative acknowledge-
ment (ACK/NACK) feedback, a channel quality indicator
(CQI) report, a precoding matrix indicator (PMI) report, a
rank indicator (RI) report, a precoding type indicator (PTI),
channel state information (CSI), and scheduling request (SR),
etc.

Please refer to FIG. 6, which is a flowchart of a process 60
according to an example of the present disclosure. The pro-
cess 60 is utilized in a UE of the wireless communication
system 10 shown in FIG. 3, to handle a uplink control infor-
mation transmission. The process 60 may be compiled into
the program code 214 and includes the following steps:

Step 600: Start.

Step 610: Be configured a plurality of cells including a
primary cell and at least a secondary cell by a network of the
wireless communication system.

Step 630: Determine to transmit the uplink control infor-
mation ina TTL.
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Step 640: When the primary cell has no uplink resource for
the uplink control information transmission, transmit the
uplink control information on at least a secondary cell having
uplink resources in the TTI.

Step 650: End.

According to the process 60, a UE is allowed using a
secondary cell to feedback the uplink control information.
Therefore, when the UE needs to feedback uplink control
information (e.g. ACK/NACK for the downlink assignment
(i.e. PDSCH transmission) on the secondary cell in a sub-
frame) on the primary cell in a transmission time interval
(TTT), but the subframe on the primary cell is a downlink
subframe, the UE switches to use a secondary cell for the
uplink control information transmission. As a result, timing
for uplink control Information feedbacks may not change.

In other words, the network configures uplink feedback
resources (e.g. PUCCH configuration (PUCCH-Config,
PUSCH-ConfigCommon, PUCCH-ConfigDedicated), UL
grants, Semi-Persistent Scheduling configuration (SPS-Con-
fig), etc.) on a cell for a UE to feedback uplink control infor-
mation (e.g. ACK/NACK, CQI, PMI, RI, PTI, CSI, SR, CSI-
RS reporting). In some embodiments, the uplink feedback
resources may be implicitly indicated by the downlink assign-
ment in PDCCH. For example, PUCCH resource may be
implicitly indicated based on the resource block index and/or
demodulation reference signal (DMRS) of the downlink
assignment.

In an embodiment, when UE needs to feedback uplink
control information in a TTI, the UE may report it on one of
the cells having uplink feedback resource. In detail, the UE
may feedback the uplink control information on one of the
cells, which are “PUSCH-available” and/or “PUCCH-avail-
able” for this TTI. Note that, a cell is PUSCH-available in this
TTIif the UE is allowed to transmit PUSCH on the cell in this
TTI. For example, a cell may be PUSCH-available in this TTI
if the cell is activated, uplink synchronization for this cell is
done or maintained, TimeAlignmentTimer for this UE or for
this cell is running, the cell has uplink subframes (or uplink
resources) in this TTI, and/or the UE is assigned with uplink
grants on this cell for this TTI. In addition, a cell is PUCCH-
available in this TTI if the UE is allowed to transmit on
PUCCH on the cell in this TTI. For example, a cell may be
PUCCH-available in this TTI if the cell is activated, uplink
synchronization for this cell is done or maintained, Time-
AlignmentTimer for this UE or for this cell is running, the cell
has UL subframes (or UL resources) in this TTI, and/or the
UE has (or has been configured with) PUCCH resources on
the cell for this TTI. Besides, a cell is UL-available in this
TTI, if the UE is allowed to transmit UL signal on the Cell in
this TTI. For example, a cell may be UL-available in this TTI
if the cell is PUCCH-available or PUSCH-available in this
TTL

For uplink control information transmission on one of the
“PUSCH-available” and/or “PUCCH-available” cells, the
UE may feedback the uplink control information on a cell
with the highest priority among the “PUSCH-available” and/
or “PUCCH-available” cells. In an embodiment, the priority
of a cell may be assigned/configured to the UE when the cell
is added (configured) by the network (e.g. eNodeB). In some
embodiments, the priority of a cell may be ranked according
to a cell index of a cell, a reporting type, a number of uplink
subframes on a cell in a radio frame, an uplink grant assign-
ment on a cell, a TDD UL-DL configuration index for a cell,
or a channel condition on a cell.

As to the cell index, a cell having a smaller cell_index may
have a higher priority. The PCell may always have the small-
est cell_index (e.g. 0). As to the reporting type, a PUCCH
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reporting type (e.g. periodic CSI, aperiodic CSI, CQI/PMI/
RI/PTI reporting type, reporting period) may be used to pri-
oritize cells. For example, a cell for which the UE is triggered
to report aperiodic CQI may have higher priority than another
cell forwhich UE is triggered to report periodic CQI. As to the
number of uplink subframes, a cell which is configured with
more uplink subframes may have a higher priority. As to the
uplink grant assignment, a cell which is assigned with uplink
grant may have a higher priority. As to the channel condition,
a cell having a better channel condition (e.g. CQI, PMI, RI,
PTL RSRP, RSRQ, BER, etc) may have a higher priority.

Please refer to FIG. 7, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a first embodiment. In FIG. 7,
the UE is configured with Cell#0 as a primary cell (PCell),
and Cells#1-2 as secondary cells (SCell). In addition, the
Cells#0-2 are activated, and are configured with different
TDD UL-DL configurations. Assume the UE needs to feed-
back ACK/NACK in subframes ‘3’ and 7’. In the subframe
3’ the Cell#0 is not PUCCH-available or PUSCH available
since the subframe 3’ is a downlink subframe, whereas the
Cells#1-2 may be PUCCH-available and/or PUSCH avail-
able. In this situation, the UE feedbacks ACK/NACK in the
subframe ‘3’ on the Cell#1, which has smallest cell_index
among i.e. the Cells#1-2. Similarly, in subframe ‘7°, the
Cell#1 is not PUCCH-available and/or PUSCH available
since the subframe 7’ is a downlink subframe, whereas the
Cell#0 and Cell#2 may be PUCCH-available or PUSCH
available. In this situation, the UE feedbacks ACK/NACK in
the subframe “7” on Cell#0, which has smallest cell_index
among the Cell#0 and Cell#2. On the other hand, ifa cell (i.e.
Cell#1) is deactivated (namely it may be not PUCCH-avail-
able and/or PUSCH-available), the UE feedbacks ACK/
NACK in the subframe ‘3’ on Cell#2, and in subframe ‘7’ on
Cell#0.

Note that, in FIG. 7, a cell index of a cell is used to prioritize
cells. However, the UE may utilize reporting type, a number
of'uplink subframes on a cell in a radio frame, an uplink grant
assignment on a cell, a TDD UL-DL configuration index for
acell, ora channel condition on a cell to prioritize the cells. In
addition, the ACK/NACK feedback is only used for illustra-
tion of uplink control information transmission, and is not
limited herein. In other words, the concept of transmitting the
uplink control information on a cell with highest priority can
be used for CQI, PMI, RI, PTI, CSI, CSI-RS reporting, SR,
etc.

Please refer to FIG. 8, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a second embodiment. A UE is
configured of cells with different TDD UL-DL configura-
tions, and determines to send uplink control information in a
TTI (steps 802-804). The UE checks whether an uplink grant
is allocated for any of the UL -available cells for this TTI (step
806). If there is an uplink grant allocated for cells, the UE
transmit the uplink control information on the uplink grant
(namely on the PUSCH) of a cell with highest priority (e.g.
the smallest cell_index) among the cells with uplink grant
(step 808). However, if there is no uplink grant for any of the
UL-available cells. The UE transmit the uplink control infor-
mation on the PUCCH of a cell with the highest priority
among the PUCCH-available cells (step 810).

Please refer to FIG. 9, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a third embodiment. A UE is
configured of cells with different TDD UL-DL configura-
tions, and determines to send uplink control information in a
TTI (steps 902-904). The UE checks whether an uplink grant
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is allocated for a cell with the highest priority (e.g. the small-
est cell_index) among the Ul-available cells for this TTI
(step 906). Ifthere is an uplink grant allocated for the cell with
the highest priority among the UL-available cells, the UE
transmits the uplink control information on the uplink grant
(namely on the PUSCH) of the cell with highest priority
among the UL -available cells (step 908). However, if there is
no uplink grant for the cell with highest priority among the
UL-available cells, the UE transmit the uplink control infor-
mation on the PUCCH of the cell with the highest priority
among the UL-available cells (step 910). Note that, the dif-
ference between the second embodiment and the third
embodiment is that the UE checks whether the uplink grant is
allocated for the highest priority cell among the UL-available
cells in the third embodiment, rather than for any of the
UL-available cells.

Please refer to FIG. 10, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a fourth embodiment. A UE is
configured of cells with different TDD UL-DL configura-
tions, and determines to send uplink control information in a
TTI (steps 1004-1006). The UE checks whether an uplink
grant is allocated for a cell with the highest priority (e.g. the
smallest cell_index) among the PUCCH-available cells for
this TTI (step 1008). If there is an uplink grant allocated for
the cell with the highest priority among the PUCCH available
cells, the UE transmits the uplink control information on the
uplink grant (namely on the PUSCH) of the cell with highest
priority among the PUCCH available cells (step 1010). How-
ever, if there is no uplink grant for the cell with highest
priority among the PUCCH-available cells, the UE transmit
the uplink control information on the PUCCH of the cell with
the highest priority among the PUCCH-available cells (step
1012). Note that, the difference between the third embodi-
ment and the fourth embodiment is that the UE checks
whether the uplink grant is allocated for the highest priority
cell among the PUCCH-available cells in the fourth embodi-
ment, rather than among the UL-available cells.

Please refer to FIG. 11, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a fifth embodiment. A UE is
configured of cells with different TDD UL-DL configura-
tions, and determines to send uplink control information in a
TTI (steps 1104-1106). The UE checks whether a simulta-
neous PUCCH-PUSCH transmission is configured (or
allowed) for a cell with the highest priority (e.g. the smallest
cell_index) among the PUCCH-available cells for this TTI
(step 1108). If the simultaneous PUCCH-PUSCH transmis-
sion is configured for the cell with the highest priority among
the PUCCH available cells, the UE transmits the uplink con-
trol information on the PUCCH of the cell with highest pri-
ority among the PUCCH available cells (step 1114). How-
ever, if the simultaneous PUCCH-PUSCH transmission is not
configured for the cell with highest priority among the
PUCCH-available cells, the UE further checks whether an
uplink grant is on the cell with the highest priority among the
PUCCH-available cells (step 1110). If the uplink grant is on
the cell with the highest priority among the PUCCH-available
cells, the UE transmits the uplink control information on the
uplink grant (namely on the PUSCH) of the cell with the
highest priority among the PUCCH-available cells (step
1112). On the other hand, if the uplink grant is not on the cell
with the highest priority among the PUCCH-available cells,
the UE transmits the uplink control information on the
PUCCH of the cell with highest priority among the PUCCH-
available cells (step 1114).
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Please refer to FIG. 12, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a sixth embodiment. A UE is
configured of cells with different TDD UL-DL configura-
tions, and determines to send uplink control information in a
TTI (steps 1204-1206). The UE checks whether a simulta-
neous PUCCH-PUSCH transmission is configured for a cell
with the highest priority (e.g. the smallest cell_index) among
the PUCCH-available cells for this TTI (step 1208). If the
simultaneous PUCCH-PUSCH transmission is configured
for the cell with the highest priority among the PUCCH
available cells, the UE transmits the uplink control informa-
tion on the PUCCH of the cell with highest priority among the
PUCCH available cells (step 1212). However, if the simulta-
neous PUCCH-PUSCH transmission is not allocated for the
cell with highest priority among the PUCCH-available cells,
the UE further checks whether an uplink grantis on any of the
UL-available cells (step 1210). If the uplink grant is allocated
on the cells, the UE transmits the uplink control information
on the uplink grant (namely on the PUSCH) of a cell with the
highest priority among the cells with the uplink grant (step
1214). On the other hand, if the uplink grant is not on any of
the UL-available cells, the UE transmits the uplink control
information on the PUCCH of the cell with highest priority
among the PUCCH-available cells (step 1212).

Please refer to FIG. 13, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a seventh embodiment. A UE is
configured of cells with different TDD UL-DL configura-
tions, and determines to send uplink control information in a
TTI (steps 1304-1306). The UE checks whether a simulta-
neous PUCCH-PUSCH transmission is configured or
allowed for any of the PUCCH-available cells for this TTI
(step 1308). If the simultaneous PUCCH-PUSCH transmis-
sion is configured for any of the PUCCH-available cells, the
UE transmits the uplink control information on the PUCCH
of a cell with highest priority (e.g. the smallest cell_index)
among the PUCCH available cells (step 1312). However, if
the simultaneous PUCCH-PUSCH transmission is not con-
figured, the UE further checks whether an uplink grant is on
any of the UL-available cells (step 1310). If the uplink grant
is allocated, the UE transmits the uplink control information
on the uplink grant (namely on the PUSCH) of a cell with the
highest priority among the cells with the uplink grant (step
1316). On the other hand, if the uplink grant is not on any of
the UL-available cells, the UE transmits the uplink control
information on the PUCCH of the cell with highest priority
among the PUCCH-available cells (step 1314).

Please refer to FIG. 14, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to an eighth embodiment. A UE is
configured of cells (including a PCell and at least a SCell)
with different TDD UL-DL configurations, and determines to
send uplink control information in a TTI (steps 1404-1406).
The UE first checks whether the PCell has available uplink
resource for this TTI (step 1408). If the PCell has available
uplink resource for this TTI, the UE further checks whether a
simultaneous PUCCH-PUSCH transmission is configured on
the PCell (step 1410). If the simultaneous PUCCH-PUSCH
transmission is configured on the PCell, the UE transmits the
uplink control information on the PUCCH of the PCell (step
1412). However, if the simultaneous PUCCH-PUSCH trans-
mission is not configured on the PCell, the UE further checks
whether an uplink grant is on PCell (step 1414). If the uplink
grant is on the PCell, the UE transmits the uplink control
information on the uplink grant (namely on the PUSCH) of
the PCell (step 1416). On the other hand, if the uplink grant is
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not on the PCell, the UE transmits the uplink control infor-
mation on the PUCCH of the PCell (step 1412). Note that, if
the PCell has no uplink resource for this TTI, the UE deter-
mines to transmit the uplink control information on a SCell as
taught in the first to seventh embodiments. In FIG. 14, the UE
uses the embodiment shown in FIG. 8 for the uplink control
information transmission on the Scell. The detail description
can be referred from above, so it is not given herein.

Please refer to FIG. 15, which is a schematic diagram of
uplink control information transmission on a cell with the
highest priority according to a ninth embodiment. Unlike the
fifth embodiment, the UE first checks whether an uplink grant
is allocated on any of the UL-available cells. If the uplink
grant is not allocated on any of the UL-available cells, the UE
transmits the uplink control information on the PUCCH of a
cell with the highest priority among the PUCCH-available
cells. On the other hand, if the uplink grant is allocated on
cells, the UE further checks whether a simultaneous PUCCH-
PUSCH transmission is configured for a cell with the highest
priority among the cells with the uplink grant. If the simulta-
neous PUCCH-PUSCH transmission is configured for the
cell with the highest priority among the cells with the uplink
grant, the UE transmits the uplink control information on the
PUCCH of the cell with the highest priority among the cells
with the uplink grant. However, if the simultaneous PUCCH-
PUSCH transmission is not configured for the cell with the
highest priority among the cells with the uplink grant, the UE
transmits the uplink control information on the uplink grant
(namely on the PUSCH) of the cell with the highest priority
among the cells with the uplink grant.

Note that, this disclosure may use the term that the uplink
control information is transmitted on the uplink grant
(namely on the PUSCH). However, for different kinds of
uplink control information, the UE may use different methods
to transmit it on the PUSCH. For example, if the uplink
control information is ACK/NACK feedback(s), ACK/NACK
may be punctured into data resources at locations around the
DM-RS (SC-FDMA) symbols. On the other hand, if the
uplink control information is CQI (or PMI, RI, PTI, CSI)
report, it may be multiplexed with data.

Alternatively, when UE needs to feedback uplink control
information in a TTI, the UE may report it on all of the cells
having uplink feedback resources. In detail, please refer to
FIG. 16, which is a schematic diagram of uplink control
information transmission on all of PUCCH-available and/or
PUSCH-available cells. In FIG. 16, the UE is configured with
Cell#0 as the PCell, and Cells#1-2 as the SCells. In addition,
the Cells#0-2 are activated and are configured with different
TDD UL-DL configurations. Assume the UE needs to trans-
mit the uplink control information (e.g. ACK/NACK feed-
back) in subframes ‘3” and ‘7°. In the subframe 3°, the
Cells#0-3 are PUCCH-available and/or PUSCH available,
and thus the UE transmits the ACK/NACK feedbacks on the
Cells#0-3. In the subframe “7° the Cell#0 and Cell#2 are
PUCCH-available and/or PUSCH available, and thus the UE
transmits ACK/NACK feedbacks on Cell#0 and Cell#2. On
the other hand, if the Cell#2 is deactivated, the UE feedbacks
ACK/NACK in the subframe ‘3’ on Cells#0-1, and in sub-
frame ‘7’ on Cell#0 only. In addition, the UE may feedback
duplicate or non-duplicate UL control information on the
PUCCH-available and/or PUSCH-available cells.

Note that, in this embodiment, the number of cells for
sending the uplink control information may be different in
different TTIs. Besides, in this embodiment, CA with differ-
ent TDD UL-DL configuration is illustrated. But the same
idea could be applied to the same UL-DL configuration or
FDD system.
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Or, when UE needs to feedback uplink control information
in a TTI, the UE may report it on a subset of the cells having
uplink feedback resources. In an embodiment, different
uplink control information may have different priority rule.
For example, for ACK/NACK feedbacks, cells with smaller
cell_index may have higher priority, but for aperiodic CQI
reporting, cell which is triggered to report the aperiodic CQI
may have a higher priority. In detail, please refer to FIG. 17,
which is a schematic diagram of uplink control information
transmission on a subset of PUCCH-available and/or
PUSCH-available cells. In FIG. 17, the UE is configured with
Cell#0 as the PCell, and Cells#1-2 as the SCells. In addition,
the Cells#0-2 are activated and are configured with different
TDD UL-DL configurations. Assume the UE needs to trans-
mit the uplink control information (e.g. ACK/NACK feed-
back and aperiodic CQI reporting) in subframe ‘3°. In the
subframe ‘3°, the Cells#1-2 are PUCCH-available and/or
PUSCH available, and the UE transmits the ACK/NACK
feedbacks on the Cell#1 and the aperiodic CQI reporting on
the Cell#2.

Note that, the abovementioned embodiments could be used
not only for CA with different TDD UL-DL configurations,
but also for CA with the same TDD UL-DL configuration.
Please refer to FIG. 18, which illustrates cells without frame
timing synchronization. The frame boundary between aggre-
gated cells is not aligned or synchronized. In this embodi-
ment, when the UE needs to report the uplink control infor-
mation in a TTI, the UE may report it on at least one of the
cells having uplink resources. Moreover, the UE may report it
on one cell with the highest priority (i.e. the smallest cell_in-
dex).

Further, the abovementioned embodiments could be used
not only for TDD system but FDD system. Please refer to
FIG. 19, which illustrates cells with FDD system and TDD
system. In FIG. 19, the UE is configured with two Cells#0-1.
The PCell of the UE is a FDD system, and the SCell of the UE
is a TDD system. Again, if the PCell is TDD system and SCell
is FDD system, the proposed methods still can be applied. In
some TTIs, the UE may feedback uplink control information
on the PCell only, because the PCell always has uplink
resource. In some TTIs, UE may feedback uplink control
information on the SCell, for example, when an uplink grant
is assigned on the SCell and no uplink grant is assigned on the
PCell. In some cases, UE may feedback uplink control infor-
mation on both PCell and SCell. For example, if an uplink
grant is assigned on both PCell and SCell, and aperiodic CQI
is triggered for the SCell, then UE may report ACK/NACK on
the PUSCH of PCell and may report aperiodic CQI on the
PUSCH of SCell.

Please refer to FIG. 20, which is a flowchart of a process
2000 according to an example of the present disclosure. The
process 2000 is utilized in a UE of the wireless communica-
tion system 10 shown in FIG. 3, to handle a uplink control
information transmission. The process 2000 may be compiled
into the program code 214 and includes the following steps:

Step 2010: Start.

Step 2020: Be configured a plurality of cells including a
PCell and at least a SCell by a network.

Step 2030: Determine to transmit the uplink control infor-
mation in a subframe on the PCell in a TTI.

Step 2040: When the subframe on the PCell for the uplink
control information transmission is a downlink subframe,
transmit the uplink control information in an uplink subframe
after the subframe on the PCell in the TTI.

Step 2050: End.

According to the process 2000, the UE changes the timing
to report the uplink control information (e.g. ACK/NACK,
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periodic/aperiodic CQI, PMI, RI, RI, CSI reporting, SR, etc.)
on the PCell. For example, the UE may advance or delay the
timing to report the uplink control information on the PCell.

In an embodiment, the UE delays the timing to report the
uplink control information on the PCell until the time of the
first available uplink subframe on the PCell. In the following
embodiments, the uplink control information is ACK/NACK
feedback. However, the uplink control information could be
CQI, PMI, RI, PTI, CSI, and/or SR. Please refer to FIG. 21,
which illustrates the uplink control information transmission
timing on the PCell. In FIG. 21, the UE wants to send the
ACK/NACK feedback for the SCell at the subframe n, which
is a downlink subframe on the PCell. Thus, the ACK/NACK
feedback is delayed until the subframe n+5, which is the first
uplink subframe after the subframe n. In an embodiment, the
ACK/NACK may be sent on the PUCCH and/or PUSCH on
the PCell at the subframe n+5. In a word, the UE delays the
ACK/NACK feedback timing for the SCell until the first
available uplink subframe on the PCell.

However, please refer to FIG. 22, which illustrates if there
is an uplink grant (PUSCH) assigned for the subframe n on
SCell, the ACK/NACK feedback may be sent on the PUSCH
on the SCell at the subframe n. Otherwise, the ACK/NACK
feedback may be delayed until the first available uplink sub-
frame (i.e. the subframe n+5 in the abovementioned example)
on the PCell.

In addition, please refer to FIG. 23, which illustrates the
uplink control information transmission timing on the PCell.
In FIG. 23, according to a downlink assignment for an SCell
at subframe n, the UE may feedback HARQ ACK/NACK at
the first available uplink subframe on the PCell after the
subframe n+x. The value x may be determined based on the
PCell UL-DL configuration and/or SCell UL-DL configura-
tion. Therefore, the UE may early feedback HARQ ACK/
NACK at the subframe n+4 (e.g. x=4) on the PCell for the
downlink assignment at the subframe n on the SCell.

Please refer to FIG. 24, which is a flowchart of a process
240 according to an example of the present disclosure. The
process 240 is utilized in a UE of the wireless communication
system 10 shown in FIG. 3, to handle a UL control informa-
tion transmission. The process 240 may be compiled into the
program code 214 and includes the following steps:

Step 2400: Start.

Step 2410: Be configured a plurality of cells including a
primary cell and at least a secondary cell by a network.

Step 2430: Determine to transmit the uplink control infor-
mation in a subframe on the PCell in a TTI.

Step 2440: When the subframe on the PCell for the uplink
control information transmission is a downlink subframe,
drop the uplink control information transmission.

Step 2450: End.

According to the process 240, if the UE needs to report the
uplink control information, but the UE does not get available
uplink resource on the PCell and/or SCell, the UE drops the
uplink control information transmission. For example, please
refer to FIG. 25, which illustrates that a UE drops an uplink
control information transmission according to the present
invention. In FIG. 25, if the UE needs to report an uplink
control information at subframe ‘2’, and no uplink grant
(PUSCH) is assigned for the subframe ‘2’ on the PCell and
SCell, the UE reports the uplink control information on the
PUCCH of the PCell. If the UE needs to report UL control
information at subframe ‘3°, and the UE gets an uplink grant
(PUSCH) for the subframe ‘3’ on the SCell, the UE may
report the uplink control information on the PUSCH of the
SCell. In another example, if the UE needs to report uplink
control information at subframe ‘4’; and the UE does not get
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an uplink grant (PUSCH) for the subframe ‘4’ on the SCell,
the UE may drop the uplink control information transmission.

Please refer to FIG. 26, which is a flowchart of a process
260 according to an example of the present disclosure. The
process 260 is utilized in a UE of the wireless communication
system 10 shown in FIG. 3, to handle a UL control informa-
tion transmission. The process 260 may be compiled into the
program code 214 and includes the following steps:

Step 2600: Start.

Step 2610: Be configured a plurality of cells including a
primary cell and at least a secondary cell by a network of the
wireless communication system.

Step 2620: Receive a downlink signalling on a cell of the
plurality of cells.

Step 2630: Determine to transmit the uplink control infor-
mation in a subframe on the primary cell in a TTL.

Step 2640: When the subframe on the primary cell for the
uplink control information transmission is a downlink sub-
frame, determine whether to drop the uplink control informa-
tion according to an uplink grant information in the downlink
signalling.

Step 2650: End.

According to the process 260, in order to avoid the UE to
drop the uplink control information transmission, the UE
determines not to drop the uplink control information if an
uplink grant information is indicated in the downlink signal-
ling. Thus, the UE can transmit the uplink control information
onthe uplink grant ofthe SCell. Please refer to FIG. 27, which
is a schematic diagram of an uplink control information trans-
mission with uplink grant assigned in the downlink signal-
ling. In FIG. 27, the downlink data (e.g., the MAC PDU)
received at subframe ‘n’ may include the uplink grant infor-
mation for the subframe n+5 on SCell. The uplink grant
information may be piggybacked in the downlink data PDU
for the UE to feedback uplink control information.

Please note that, the abovementioned steps ofthe processes
including suggested steps can be realized by means that could
be a hardware, a firmware known as a combination of a
hardware device and computer instructions and data that
reside as read-only software on the hardware device, or an
electronic system. Examples of hardware can include analog,
digital and mixed circuits known as microcircuit, microchip,
or silicon chip. Examples ofthe electronic system can include
asystem on chip (SOC), system in package (SiP), a computer
on module (COM), and the communication device 20.

In conclusion, the UE transmits the uplink control infor-
mation on at least a SCell having uplink resource or on a first
uplink subframe after the downlink subframe supposed to be
used for uplink control information transmission, of the
PCell. Or, the UE may drop the uplink control information.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A method of uplink control information transmission for
a mobile device with carrier aggregation in a wireless com-
munication system, the method comprising:

being configured a plurality of cells including a primary

cell and at least a secondary cell by a network of the
wireless communication system, wherein the primary
cell is a Time Division Duplex (TDD) system, and is
configured a TDD uplink and downlink configuration;
when determining to transmit an uplink control informa-
tion on the primary cell in a subframe of a transmission
time interval (TTI), but the subframe in the TTI on the
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primary cell is configured as a downlink subframe
according to the TDD uplink and downlink configura-
tion, transmitting the uplink control information on the
at least a secondary cell in the TTI;

wherein the transmitting step comprises:

determining whether an uplink grant is assigned for any of
the at least a secondary cell;

when the uplink grant is assigned for the at least a second-
ary cell, transmitting the uplink control information on
the uplink grant of one secondary cell with the highest
priority among the secondary cells assigned with the
uplink grant; and

when no uplink grant is assigned for any of the at least
secondary cell, transmitting the uplink control informa-
tion on a physical uplink control channel (PUCCH) of
one secondary cell with the highest priority among
PUCCH available secondary cells of the at least a sec-
ondary cell.

2. The method of claim 1, wherein the transmitting step

further comprises:

determining whether a simultaneous PUCCH-PUSCH
transmission is configured to the secondary cell with the
highest priority among the PUCCH available secondary
cells;

when the secondary cell with the highest priority is con-
figured with the simultaneous PUCCH-PUSCH trans-
mission, transmitting the uplink control information on
the PUCCH of the secondary cell with the highest pri-
ority.

3. The method of claim 2, further comprising:

when the secondary cell with the highest priority is not
configured with the simultaneous PUCCH-PUSCH
transmission and the uplink grant is assigned for at least
a secondary cell, transmitting the uplink control infor-
mation on the uplink grant of the secondary cell with the
highest priority among the uplink grant assigned sec-
ondary cells; and

when the secondary cell with the highest priority is not
configured with the simultaneous PUCCH-PUSCH
transmission but no uplink grant is allocated for any of
the at least a secondary cell, transmitting the uplink
control information on a PUCCH of the secondary cell
with the highest priority among the PUCCH available
secondary cells.

4. The method of claim 1, wherein the transmitting step

further comprises:

determining whether a simultaneous PUCCH-PUSCH
transmission is configured to any of the at least a sec-
ondary cells;

when at least a secondary cell is configured with the simul-
taneous PUCCH-PUSCH transmission, transmitting the
uplink control information on a PUCCH of a secondary
cell with the highest priority among the simultaneous
PUCCH-PUSCH transmission configured secondary
cells.

5. The method of claim 4, further comprising:

when no secondary cell is configured with the simulta-
neous PUCCH-PUSCH transmission but the uplink
grant is assigned for the at least a secondary cell, trans-
mitting the uplink control information on the uplink
grant of a secondary cell with the highest priority among
the uplink grant assigned secondary cells; and

when no secondary cell is configured with the simulta-
neous PUCCH-PUSCH transmission and no uplink
grant is assigned for at least a secondary cell, transmit-
ting the uplink control information on a PUCCH of a
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secondary cell with the highest priority among the
PUCCH available secondary cells.

6. The method of claim 1, wherein when the uplink grant is
assigned for the at least a secondary cell, the transmitting step
further comprises:

when the uplink grant is assigned for the at least a second-

ary cell, determining whether a simultaneous PUCCH-
PUSCH transmission is configured for the uplink grant
assigned secondary cells.
7. The method of claim 6, further comprising:
when the uplink grant is assigned for the at least a second-
ary cells and the simultaneous PUCCH-PUSCH trans-
mission is configured for the secondary cells assigned
with the uplink grant, transmitting the uplink control
information on a PUCCH of a secondary cells with the
highest priority among the simultaneous PUCCH-
PUSCH transmission configured secondary cells; and

when the uplink grant is assigned to the at least a secondary
cells but the simultaneous PUCCH-PUSCH transmis-
sion is not configured for the uplink grant assigned sec-
ondary cells, transmitting the uplink control information
on the uplink grant of a secondary cell with the highest
priority among the uplink grant assigned secondary
cells.
8. A method of uplink control information transmission for
a mobile device with carrier aggregation in a wireless com-
munication system, the method comprising:
being configured a plurality of cells including a primary
cell and at least a secondary cell by a network of the
wireless communication system, wherein the primary
cell is a Time Division Duplex (TDD) system, and is
configured a TDD uplink and downlink configuration;

when determining to transmit an uplink control informa-
tion on the primary cell in a subframe of a transmission
time interval (TTI), but the subframe in the TTI on the
primary cell is configured as a downlink subframe
according to the TDD uplink and downlink configura-
tion, transmitting the uplink control information on the
at least a secondary cell in the TTI;

wherein the transmitting step further comprises:

determining whether an uplink grant is assigned for one

secondary cell with the highest priority among physical
uplink shared channel (PUSCH) available and/or physi-
cal uplink control channel (PUCCH) available second-
ary cells of the at least a second cell;

when the uplink grant is assigned for the secondary cell

with the highest priority, transmitting the uplink control
information on the uplink grant of the secondary cell
with the highest priority; and

when no uplink grant is assigned for the secondary cell

with the highest priority, transmitting the uplink control
information on a PUCCH of the secondary cell with the
highest priority.

9. The method of claim 8, further comprising:

determining whether a simultaneous PUCCH-PUSCH

transmission is configured to the secondary cell with the
highest priority among the PUCCH available secondary
cells;

when the secondary cell with the highest priority is con-

figured with the simultaneous PUCCH-PUSCH trans-
mission, transmitting the uplink control information on
a PUCCH of the secondary cell with the highest priority;
and

when the secondary cell with the highest priority is not

configured with the simultaneous PUCCH-PUSCH
transmission, determining whether an uplink grant is
assigned for the secondary cell with the highest priority.
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10. The method of claim 9, further comprising:

when the secondary cell with the highest priority is not
configured with the simultaneous PUCCH-PUSCH
transmission and the uplink grant is assigned for the
secondary cell with the highest priority, transmitting the
uplink control information on the uplink grant of the
secondary cell with the highest priority; and

when the secondary cell with the highest priority is not
configured with the simultaneous PUCCH-PUSCH
transmission but no uplink grant is allocated for the
secondary cell with the highest priority, transmitting the
uplink control information on a PUCCH of the second-
ary cell with the highest priority.

11. A method of uplink control information transmission

for a mobile device with carrier aggregation in a wireless
communication system, the method comprising:

being configured a plurality of cells including a primary
cell and at least a secondary cell by a network of the
wireless communication system, wherein the primary
cell is a Time Division Duplex (TDD) system, and is
configured a TDD uplink and downlink configuration;

when determining to transmit an uplink control informa-
tion on the primary cell in a subframe of a transmission
time interval (TTI), but the subframe in the TTI on the
primary cell is configured as a downlink subframe
according to the TDD uplink and downlink configura-
tion, transmitting the uplink control information on the
at least a secondary cell in the TTI;

wherein the transmitting step further comprises:

determining whether the primary cell has an uplink
resource for the uplink control information transmis-
sion;

when the primary cell has the uplink resource for the uplink
control information transmission, determining whether
the primary cell is configured with a simultaneous
PUCCH-PUSCH transmission;

when the primary cell has no uplink resource for the uplink
control information transmission, determining whether
an uplink grant is assigned for any of the at least a
secondary cell;

when the primary cell has no uplink resource for the uplink
control information transmission but the uplink grant is
assigned for the at least a secondary cells, transmitting
the uplink control information on the uplink grant of the
secondary cell with the highest priority among the
uplink grant assigned secondary cells; and

when the primary cell has no uplink resource for the uplink
control information transmission and no uplink grant is
assigned for any of the at least a secondary cells, trans-
mitting the uplink control information on a PUCCH of
one secondary cell with the highest priority among the
PUCCH available secondary cells of the at least a sec-
ondary cell.
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12. A method of uplink control information transmission

for a mobile device with carrier aggregation in a wireless
communication system, the method comprising:

being configured a plurality of cells including a primary
cell and at least a secondary cell by a network of the
wireless communication system, wherein the primary
cell is a Time Division Duplex (TDD) system, and is
configured a TDD uplink and downlink configuration;

when determining to transmit an uplink control informa-
tion on the primary cell in a subframe of a transmission
time interval (TTI), but the subframe in the TTI on the
primary cell is configured as a downlink subframe
according to the TDD uplink and downlink configura-
tion, transmitting the uplink control information on the
at least a secondary cell in the TTI;

wherein the transmitting step further comprises:

determining whether the primary cell has an uplink
resource for the uplink control information transmis-
sion;

when the primary cell has the uplink resource for the uplink
control information transmission, determining whether
the primary cell is configured with a simultaneous
PUCCH-PUSCH transmission;

when the primary cell has no uplink resource for the uplink
control information transmission, determining whether
an uplink grant is assigned for any of the at least a
secondary cell;

when the primary cell has the uplink resource for the uplink
control information transmission and is configured with
the simultaneous PUCCH-PUSCH transmission, trans-
mitting the uplink control information on a PUCCH of
the primary cell; and

when the primary cell has the uplink resource for the uplink
control information transmission but is not configured
with the simultaneous PUCCH-PUSCH transmission,
determining whether an uplink grant is assigned for the
primary cell.

13. The method of claim 12, further comprising:

when the primary cell has the uplink resource for the uplink
control information transmission, the primary cell is not
configured with the simultaneous PUCCH-PUSCH
transmission and no uplink grant is assigned for the
primary cell, transmitting the uplink control information
on the PUCCH of the primary cell; and

when the primary cell has the uplink resource for the uplink
control information transmission, the primary cell is not
configured with the simultaneous PUCCH-PUSCH
transmission and the uplink grant is assigned for the
primary cell, transmitting the uplink control information
on the uplink grant of the primary cell.
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